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Œ¥Éμ¤ ³´μ£μÔ²¥³¥´É´μ£μ £ ³³ - ±É¨¢ Í¨μ´´μ£μ  ´ ²¨§  ¤²Ö
μ¶·¥¤¥²¥´¨Ö ¸μ¤¥·¦ ´¨Ö §μ²μÉ  ¨ ¸¥·¥¡·  ¢ ±μ·μ²Ó± Ì
¶·μ¡¨·´μ£μ ¶² ¢²¥´¨Ö ³¥¤´μ£μ ±μ´Í¥´É· É  ƒ�Š ®�·¤Ô´ÔÉ¯

‚¶¥·¢Ò¥ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¸μ¤¥·¦ ´¨Ö §μ²μÉ  ¨ ¸¥·¥¡·  ¢ ±μ·μ²Ó± Ì ¶·μ¡¨·-
´μ£μ ¶² ¢²¥´¨Ö ³¥¤´μ£μ ±μ´Í¥´É· É  £μ·´μ-μ¡μ£ É¨É¥²Ó´μ£μ ±μ³¡¨´ É  (ƒ�Š)
£. �·¤Ô´ÔÉ, Œμ´£μ²¨Ö, ¡Ò² ¨¸¶μ²Ó§μ¢ ´ £ ³³ - ±É¨¢ Í¨μ´´Ò°  ´ ²¨§ ´  Éμ·-
³μ§´μ³ ¨§²ÊÎ¥´¨¨ Ô²¥±É·μ´μ¢ ¢Ò¸μ±¨Ì Ô´¥·£¨° Ô²¥±É·μ´´μ£μ Ê¸±μ·¨É¥²Ö ³¨-
±·μÉ·μ´  Œ’-25 ‹Ÿ	 �ˆŸˆ. �Í¥´¥´μ ¸μ¤¥·¦ ´¨¥ §μ²μÉ  ¨ ¸¥·¥¡·  ¢ ³¥¤´ÒÌ
±μ´Í¥´É· É Ì ƒ�Š £. �·¤Ô´ÔÉ ¨ ¶μ²ÊÎ¥´Ò ¶·¥¤¥²Ò μ¶·¥¤¥²¥´¨Ö 1 ³±£/±£ ¤²Ö §μ-
²μÉ  ¨ 0,5 ³£/±£ ¤²Ö ¸¥·¥¡·  ¢ ·¥§Ê²ÓÉ É¥ ±μ³¡¨´¨·μ¢ ´´ÒÌ ³¥Éμ¤μ¢ ¶·μ¡¨·´μ£μ
¨ ¨´¸É·Ê³¥´É ²Ó´μ£μ £ ³³ - ±É¨¢ Í¨μ´´μ£μ  ´ ²¨§ .

	 ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ´¥°É·μ´´μ° Ë¨§¨±¨ ¨³. ˆ.Œ. ”· ´± 
�ˆŸˆ.
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Determination of Gold and Silver in Fire Assaying Regulus
of the Copper Concentrate of the Mining ®Erdenet¯
by Multielemental Photon Activation Analysis

Multielemental Photon Activation Analysis (MPhAA) for determination of gold
and silver in ˇre assaying regulus of the copper concentrate of the ore mining and
processing enterprise ®Erdenet¯ is described using bremsstrahlung of high energy
electrons on the microtron MT-25, FLNR, JINR. The concentrations of gold and
silver in the copper concentrate of the ore mining and processing enterprise ®Erdenet¯
are estimated. It has been shown that the detection limit is 1 μg/kg for gold and
0.5 mg/kg for silver when using the combined ˇre assaying and MPhAA methods.

The investigation has been performed at the Frank Laboratory of Neutron Physics,
JINR.
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�·μ¡¨·´Ò°  ´ ²¨§ Ö¢²Ö¥É¸Ö μ¤´¨³ ¨§ ¸ ³ÒÌ ¸É ·ÒÌ  ´ ²¨É¨Î¥¸±¨Ì ³¥-
Éμ¤μ¢, μ ´¥³ ¡Ò²μ ¨§¢¥¸É´μ ¥Ð¥ §  2000 ²¥É ¤μ ´ Ï¥° Ô·Ò. ‚ 1763 £.
Œ. ‚.‹μ³μ´μ¸μ¢ μ¶¨¸ ² ¶·μ¡¨·´Ò°  ´ ²¨§ ¢ ±´¨£¥ ®�¥·¢Ò¥ μ¸´μ¢ ´¨Ö ³¥-
É ²²Ê·£¨¨ ¨²¨ ·Ê¤´ÒÌ ¤¥²¯ [1, 2].

�·μ¡¨·´Ò°  ´ ²¨§, ³¥Éμ¤ ±μ²¨Î¥¸É¢¥´´μ£μ μ¶·¥¤¥²¥´¨Ö ³¥É ²²μ¢ (£² ¢-
´Ò³ μ¡· §μ³ ¡² £μ·μ¤´ÒÌ), μ¸´μ¢ ´´Ò° ´  ¸¶² ¢²¥´¨¨  ´ ²¨§¨·Ê¥³μ° ¶·μ¡Ò
¸ ¸ÊÌ¨³¨ ·¥ £¥´É ³¨ ¨ £· ¢³¥É·¨Î¥¸±μ³  ´ ²¨§¥ ¶μ²ÊÎ¥´´μ£μ ¸¶² ¢ , ¶·¨³¥-
´Ö¥É¸Ö ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö ·Ê¤, ¶·μ¤Ê±Éμ¢ ¨Ì μ¡μ£ Ð¥´¨Ö, ¸¶² ¢μ¢, · §²¨Î´ÒÌ
¨§¤¥²¨° ¨ É. ¤.

1. ��™ˆ‰ ��ˆ�–ˆ� Œ…’�„ˆŠˆ ����ˆ���ƒ� ���‹ˆ‡�

�μ¸²¥ ¶μ²ÊÎ¥´¨Ö ¶·¥¤¸É ¢¨É¥²Ó´μ° ¶·μ¡Ò ¨¸¸²¥¤Ê¥³μ£μ ³ É¥·¨ ² 
μ¡ÒÎ´μ ¡¥·ÊÉ ¡μ²ÓÏÊÕ ´ ¢¥¸±Ê (¤μ 100 £), É. ±. ¸μ¤¥·¦ ´¨¥ ¡² £μ·μ¤´ÒÌ
³¥É ²²μ¢, ± ± ¶· ¢¨²μ, ´¨§±μ. � ¢¥¸±Ê ¸³¥Ï¨¢ ÕÉ ¸ Ï¨ÌÉμ°. ‚ ¸μ¸É ¢ ¶μ-
¸²¥¤´¥° ¢Ìμ¤ÖÉ: ±μ²²¥±Éμ· (PbO), Ë²Õ¸Ò (±¢ ·Í, ¡Ê· , ¸μ¤  ¨ ¤·.), ¢μ¸¸É -
´μ¢¨É¥²¨ (´ ¶·¨³¥·, ¤·¥¢¥¸´Ò° Ê£μ²Ó, ±· Ì³ ²), ¨´μ£¤  μ±¨¸²¨É¥²¨ (Pb3O4,
KNO3 ¨ ¤·.). ‘μ¸É ¢ ¨ ¸μμÉ´μÏ¥´¨¥ ±μ³¶μ´¥´Éμ¢ Ï¨ÌÉÒ μ¶·¥¤¥²ÖÕÉ¸Ö ¸μ-
¸É ¢μ³  ´ ²¨§¨·Ê¥³μ£μ ³ É¥·¨ ² . �¡ÒÎ´μ ¶·¨³¥´ÖÕÉ É¨£¥²Ó´ÊÕ ¶² ¢±Ê Å
¢μ¸¸É ´μ¢¨É¥²Ó´μ-· ¸É¢μ·¨É¥²Ó´μ¥ ¶² ¢²¥´¨¥ ´ ¢¥¸±¨ ³ É¥·¨ ²  ¸ Ï¨ÌÉμ°
¶·¨ 1000Ä1150◦ ‘ ¢ μ£´¥Ê¶μ·´ÒÌ (Ï ³μÉ´ÒÌ) É¨£²ÖÌ μ¡Ñ¥³μ³ μÉ 300 ¤μ
800 ¸³3. �·¨ ÔÉμ³ 	b� ¢μ¸¸É ´ ¢²¨¢ ¥É¸Ö ¤μ 	b, ¶·μ¨¸Ìμ¤¨É Ï² ±μ¢ ´¨¥
±μ³¶μ´¥´Éμ¢ ¶μ·μ¤Ò ¨ μ¡· §μ¢ ´¨¥ ¸¶² ¢  ¸¢¨´Í  ¸ ¡² £μ·μ¤´Ò³¨ ³¥É ²-
² ³¨ (¢¥·±¡²¥°). †¨¤±¨° · ¸¶² ¢ ¢Ò²¨¢ ÕÉ ¢ ¨§²μ¦´¨ÍÒ ¨ ¶μ¸²¥ μÌ² ¦¤¥-
´¨Ö ¢¥·±¡²¥° μÉ¤¥²ÖÕÉ μÉ Ï² ± . �¤´μ¢·¥³¥´´μ ¸ 	b� ³μ£ÊÉ Î ¸É¨Î´μ ¢μ¸-
¸É ´ ¢²¨¢ ÉÓ¸Ö μ±¸¨¤Ò ¤·Ê£¨Ì ³¥É ²²μ¢ (³¥¤¨, ¸Ê·Ó³Ò, μ²μ¢ , ´¨±¥²Ö ¨ É. ¤.),
±μÉμ·Ò¥ ³¥Ï ÕÉ ¤ ²Ó´¥°Ï¥³Ê  ´ ²¨§Ê.

’ ±¨¥ ¢¥·±¡²¥¨ μÎ¨Ð ÕÉ ¸ ¶μ³μÐÓÕ Ï¥·¡¥·´μ° ¶² ¢±¨, ±μÉμ· Ö ¶·¥¤-
¸É ¢²Ö¥É ¸μ¡μ° μ±¨¸²¨É¥²Ó´μ-· ¸É¢μ·¨É¥²Ó´μ¥ ¶² ¢²¥´¨¥ ¶·¨ 900Ä1050◦ ‘ ¢
Ï¥·¡¥·¥ Å ´¥£²Ê¡μ±μ° Î Ï¥Î±¥ ¨§ μ£´¥Ê¶μ·´μ° £²¨´Ò ¤¨ ³¥É·μ³ 50Ä75 ³³.
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˜¥·¡¥·´ Ö ¶² ¢±  ¶·¨³¥´Ö¥É¸Ö ¨ ± ± ¸ ³μ¸ÉμÖÉ¥²Ó´Ò° ³¥Éμ¤ ¤²Ö ¶² ¢²¥´¨Ö
´¥¡μ²ÓÏ¨Ì (1Ä5 £) ´ ¢¥¸μ± ³ É¥·¨ ² , ¡μ£ Éμ£μ §μ²μÉμ³ ¨ ¸¥·¥¡·μ³. ‚ ¸μ¸É ¢
Ï¨ÌÉÒ ¶·¨ ÔÉμ³ ¢Ìμ¤ÖÉ ³¥É ²²¨Î¥¸±¨° 	b ¨ ¡Ê· . ‚ Ìμ¤¥ ¶² ¢±¨ ¶·¨³¥¸¨
μ±¨¸²ÖÕÉ¸Ö ¨ ¶¥·¥Ìμ¤ÖÉ ¢ Ï² ±. �±¨¸²¨É¥²Ö³¨ ¸²Ê¦ É ¢μ§¤ÊÌ, ¶μ¸ÉÊ¶ ÕÐ¨°
Î¥·¥§ μÉ±·ÒÉÊÕ ¤¢¥·Ó ¶¥Î¨,   É ±¦¥ μ¡· §μ¢ ¢Ï¨°¸Ö ¶·¨ μ±¨¸²¥´¨¨ ¸¢¨´Í 
	b�. Š ± ¨ ¶·¨ É¨£¥²Ó´μ° ¶² ¢±¥, ¢¥·±¡²¥° μÉ¤¥²ÖÕÉ μÉ Ï² ±  ¨ ±Ê¶¥²¨-
·ÊÕÉ ¤²Ö ¢Ò¤¥²¥´¨Ö ¡² £μ·μ¤´ÒÌ ³¥É ²²μ¢, É. ¥. ¶μ¤¢¥·£ ÕÉ μ±¨¸²¨É¥²Ó´μ³Ê
¶² ¢²¥´¨Õ ¶·¨ 850Ä900◦ ‘ ¢ ¶μ·¨¸ÉÒÌ ´¥£²Ê¡μ±¨Ì Î Ï¥Î± Ì (± ¶¥²ÖÌ) ¤¨ ³¥-
É·μ³ 40Ä60 ³³, ¨§£μÉμ¢²¥´´ÒÌ ¨§ ±μ¸ÉÖ´μ° ³Ê±¨, ³ £´¥§¨É  ¨²¨ Í¥³¥´É . �·¨
ÔÉμ³ ¸¢¨´¥Í μ±¨¸²Ö¥É¸Ö ¤μ 	b�, ¡μ²ÓÏ Ö Î ¸ÉÓ ±μÉμ·μ£μ (¤μ 98,5 %) ¢¸ ¸Ò-
¢ ¥É¸Ö ¶μ·¨¸Éμ° ³ ¸¸μ° ± ¶¥²¨,   μ¸É ²Ó´ Ö Î ¸ÉÓ ¨¸¶ ·Ö¥É¸Ö. �±¸¨¤ ¸¢¨´Í 
μ±¨¸²Ö¥É ³¥É ²²Ò-¶·¨³¥¸¨, · ¸É¢μ·Ö¥É ¨Ì μ±¸¨¤Ò ¨ ¢³¥¸É¥ ¸ ´¨³¨ ¶μ£²μÐ -
¥É¸Ö ± ¶¥²ÓÕ. ‡μ²μÉμ ¨ ¸¥·¥¡·μ ¢ ¢¨¤¥ ¸¶² ¢  (±μ·μ²Ó± ) μ¸É ÕÉ¸Ö ´  ± -
¶¥²¨. �μ²ÊÎ¥´´Ò° ±μ·μ²¥± ¢§¢¥Ï¨¢ ÕÉ ´  ¶·μ¡¨·´ÒÌ (³¨±·μ ´ ²¨É¨Î¥¸±¨Ì)
¢¥¸ Ì. ‡ É¥³ ¸¥·¥¡·μ · ¸É¢μ·Ö¥É¸Ö ¢ · §¡ ¢²¥´´μ³ HNO3; μ¸É ¢ÏÊÕ¸Ö §μ-
²μÉÊÕ ®±μ·ÉμÎ±Ê¯ ¶·μ³Ò¢ ÕÉ, ¶·μ± ²¨¢ ÕÉ ¨ ¢§¢¥Ï¨¢ ÕÉ. Šμ²¨Î¥¸É¢¥´´μ¥
· §¤¥²¥´¨¥ ¶·μ¨¸Ìμ¤¨É ¶·¨ μÉ´μÏ¥´¨¨ Ag ± �u ´¥ ¡μ²¥¥ 3 : 1, ¨´ Î¥ ³μ¦¥É
¶·μ¨§μ°É¨ ¶μÉ¥·Ö Éμ´±¨Ì Î ¸É¨Í §μ²μÉ . Œ ¸¸Ê ¸¥·¥¡·  μ¶·¥¤¥²ÖÕÉ ¶μ · §-
´μ¸É¨ ³ ¸¸ ±μ·μ²Ó±  ¨ Î¨¸Éμ£μ §μ²μÉ . �·¥¤¥² μ¡´ ·Ê¦¥´¨Ö 0,1 £/É μ£· ´¨Î¥´
ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓÕ ¶·μ¡¨·´ÒÌ ¢¥¸μ¢ (0,01 ³£) ¨ ´ ¢¥¸±μ° ³ É¥·¨ ² . �¨¦-
´¨¥ £· ´¨ÍÒ μ¶·¥¤¥²Ö¥³ÒÌ ¸μ¤¥·¦ ´¨° μ¡ÒÎ´μ ¸μ¸É ¢²ÖÕÉ 1 £/É ¤²Ö §μ²μÉ 
¨ 3 £/É ¤²Ö ¸¥·¥¡· . …¸²¨ ±μ·μ²¥± ¸μ¤¥·¦¨É ¶² É¨´μ¢Ò¥ ³¥É ²²Ò,  ´ ²¨§ ¥£μ
Ì¨³¨Î¥¸±¨³¨ ³¥Éμ¤ ³¨ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¸²μ¦´Ò° ¨ ¤²¨É¥²Ó´Ò° ¶·μÍ¥¸¸.
�μ²ÊÎ¨²¨ · ¸¶·μ¸É· ´¥´¨¥ ±μ³¡¨´¨·μ¢ ´´Ò¥ ³¥Éμ¤Ò  ´ ²¨§  ¸ ¨¸¶μ²Ó§μ¢ -
´¨¥³ ¶·μ¡¨·´μ£μ ±μ´Í¥´É·¨·μ¢ ´¨Ö, É. ¥. μ¶·¥¤¥²¥´¨¥ ¡² £μ·μ¤´ÒÌ ³¥É ²²μ¢
(Pt, Pd, Rh, Ir, Ru) ¢ ±μ·μ²Ó±¥ ¨²¨ ¸¢¨´Íμ¢μ³ ¸¶² ¢¥ (³ ¸¸  0,1Ä2 £) ³¥Éμ-
¤ ³¨ Ô³¨¸¸¨μ´´μ£μ ¸¶¥±É· ²Ó´μ£μ,  Éμ³´μ- ¡¸μ·¡Í¨μ´´μ£μ,  ±É¨¢ Í¨μ´´μ£μ,
ËμÉμ³¥É·¨Î¥¸±μ£μ  ´ ²¨§  ¨ ¤·. �·¥¤¥²Ò μ¡´ ·Ê¦¥´¨Ö �u ¶·¨ ÔÉμ³ ¤μ¸É¨-
£ ÕÉ 0,005 £/É ¨ Ag Å 0,1 £/É [1Ä3].

2. ƒ�ŒŒ�-�Š’ˆ‚�–ˆ���›‰ ���‹ˆ‡ Š���‹œŠ� ����ˆ���ƒ�
�‹�‚‹…�ˆŸ Œ…„��ƒ� Š��–…�’��’�

‚ ¢μ¸Ó³¨¤¥¸ÖÉÒÌ £μ¤ Ì ¶·μÏ²μ£μ ¸Éμ²¥É¨Ö ¤²Ö μ¶·¥¤¥²¥´¨Ö ¸μ¤¥·¦ ´¨Ö
¸¥·¥¡·  ¢ ³¥¤´μ³ ±μ´Í¥´É· É¥ ƒ�Š ®�·¤Ô´ÔÉ¯ ¨¸¶μ²Ó§μ¢ ²¸Ö ³¥Éμ¤ ¶·μ¡¨·-
´μ£μ  ´ ²¨§ . „²Ö μÍ¥´±¨ ¸μ¤¥·¦ ´¨Ö §μ²μÉ  ¢ ³¥¤´μ³ ±μ´Í¥´É· É¥ ´ ³¨
¡Ò²¨ ¶μ¸É ¢²¥´Ò Ô±¸¶¥·¨³¥´ÉÒ ¶μ μ¶·¥¤¥²¥´¨Õ ¸μ¤¥·¦ ´¨Ö §μ²μÉ  ¢ ±μ-
·μ²Ó± Ì ¶·μ¡¨·´μ£μ ¶² ¢²¥´¨Ö ³¥¤´μ£μ ±μ´Í¥´É· É  ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ £ ³³ -
 ±É¨¢ Í¨μ´´μ£μ  ´ ²¨§ . �·¨´Í¨¶ £ ³³ - ±É¨¢ Í¨μ´´μ£μ  ´ ²¨§  ´  Éμ·³μ§-
´μ³ ¨§²ÊÎ¥´¨¨ Í¨±²¨Î¥¸±μ£μ Ô²¥±É·μ´´μ£μ Ê¸±μ·¨É¥²Ö ³¨±·μÉ·μ´  ¨ ³¥Éμ-
¤¨±¨ ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´É  μ¶¨¸ ´Ò ¢ · ¡μÉ Ì [4, 5].
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’ ¡²¨Í  1. Ÿ¤¥·´Ò¥ ¤ ´´Ò¥ ´¥±μÉμ·ÒÌ · ¤¨μ´Ê±²¨¤μ¢ ¤²Ö Au ¨ Ag

	 ¤¨μ´Ê±²¨¤Ò ¨
Ÿ¤¥·´Ò¥
·¥ ±Í¨¨

�μ·μ£
·¥ ±Í¨¨,

ŒÔ‚

	 ¸¶·μ¸É· -
´¥´´μ¸ÉÓ,

%

�´¥·£¨Ö
£ ³³ -±¢ ´Éμ¢, ±Ô‚, ¨
¨Ì ¨´É¥´¸¨¢´μ¸ÉÓ, %

¶¥·¨μ¤
¶μ²Ê· ¸¶ ¤ , ¸ÊÉ

Ag-105;
40,0

Ag-
107(γ, 2n)

Ä17,55 51,35
X-²ÊÎ¨

280,3 (32,0)

344,2 (35,0)

Ag-106m;
8,5

Ag-
107 (γ, n)

Ä9,87 51,35

X-²ÊÎ¨

221,0 (6,7)
450,6 (27,59)

615,9 (20,0)

716,2 (28,0)
1045,1 (27,3)

Au-196;
6,183

Au-
197(γ, n)

Ä8,09 100
X-²ÊÎ¨

333,0 (24,40)
355,72 (93,60)

	¨¸. 1. — ¸ÉÓ £ ³³ -¸¶¥±É·  ±μ·μ²Ó±  ¶·μ¡¨·´μ£μ ¶² ¢²¥´¨Ö ³¥¤´μ£μ ±μ´Í¥´É· É 
(É·¨ ±μ·μ²Ó±  ¸ ´ ¢¥¸±μ° 10,2 ³£, ¢·¥³Ö μ¡²ÊÎ¥´¨Ö Å 1 Î, ¢·¥³Ö μÌ² ¦¤¥´¨Ö Å
21 Î, ¢·¥³Ö ¨§³¥·¥´¨Ö Å 10 ³¨´ ¶·¨ μ¡²ÊÎ¥´¨¨ Éμ·³μ§´Ò³ ¨§²ÊÎ¥´¨¥³ ³¨±·μÉ·μ´ 
¸ ³ ±¸¨³ ²Ó´μ° Ô´¥·£¨¥° Ô²¥±É·μ´μ¢ 23,5 ŒÔ‚ ¨ Éμ±μ³ 15 ³±�)
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’ ¡²¨Í  2. �±É¨¢´μ¸ÉÓ · ¤¨μ´Ê±²¨¤μ¢ ¢ μ¡· §Í Ì ±μ·μ²Ó±  ¨ Ëμ²Ó£¨ (Au ¨ Ag)

	 ¤¨μ´Ê±²¨¤Ò,
�´¥·£¨Ö,

±Ô‚

�±É¨¢´μ¸ÉÓ · ¤¨μ´Ê±²¨¤μ¢, �±
¶¥·¨μ¤ 3

±μ·μ²Ó± ,
9,4 ³£

3
±μ·μ²Ó± ,
10,2 ³£

3
±μ·μ²Ó± ,

9,1 ³£

Au-
Ëμ²Ó£ ,
3,6 ³£

Ag-
Ëμ²Ó£ ,
3,6 ³£

¶μ²Ê· ¸-
¶ ¤ , ¸ÊÉ

Au-196;
6,18

355,7 1.11…+04 1.28…+04 2.01…+04 4.54…+06 −

Ag-105; 40,0 280,3 6.13…+05 8.64…+05 8.79…+05 − 3.11…+05
344,2 6.55…+05 8.04…+05 8.67…+05 − 3.69…+05

Ag-106m;
8,5

221,0 4.03…+05 4.90…+05 4.84…+05 − 2.16…+05
450,6 4.25E+05 4.77E+05 4.42E+05 − 2.09…+05
615,9 4.46…+05 5.06…+05 4.95…+05 − 2.41…+05
716,2 4.25E+05 5.06E+05 4.50E+05 − 2.31E+05
1045,1 4.54…+05 5.52…+05 5.28…+05 − 2.37…+05

’ ¡²¨Í  3. �±É¨¢´μ¸ÉÓ · ¤¨μ´Ê±²¨¤μ¢ ¢ μ¡· §Í Ì ±μ·μ²Ó±  ¨ Ëμ²Ó£¨ (Au ¨ Ag)

	 ¤¨μ´Ê±²¨¤Ò,
�´¥·£¨Ö,

±Ô‚

�±É¨¢´μ¸ÉÓ · ¤¨μ´Ê±²¨¤μ¢, �±
¶¥·¨μ¤Ò 3

±μ·μ²Ó± ,
8,8 ³£

Au-
Ëμ²Ó£ ,
3,2 ³£

Ag-
Ëμ²Ó£ ,
7,2 ³£

¶μ²Ê· ¸¶ ¤ ,
¸ÊÉ

Au-196; 6,183 355,7 3.30E+04 3.56…+06 −

Ag-105; 40,0 280,3
344,2

4.48…+05
4.50…+05

− 4.97…+05
5.02…+05−

221,0 3.13E+05 − 3.80E+05
450,6 3.13…+05 − 3.66…+05

Ag-106m; 8,5 615,9 3.12E+05 − 4.04E+05
716,2 3.22E+05 − 4.01E+05
1045,1 3.22…+05 − 3.99…+05

’·¨ ±μ·μ²Ó± , ± ¦¤Ò° ¨§ ±μÉμ·ÒÌ ¶μ²ÊÎ¥´ ¶·¨ ¶·μ¡¨·´μ³ ¶² ¢²¥´¨¨ 50 £
³¥¤´μ£μ ±μ´Í¥´É· É , ¸ ´ ¢¥¸±μ° 8,8 ³£; 9,4 ³£; 10,2 ³£ ¨ 9,1 ³£ μ¡²ÊÎ ²¨¸Ó
Éμ·³μ§´Ò³¨ ¨§²ÊÎ¥´¨Ö³¨ Í¨±²¨Î¥¸±μ£μ Ô²¥±É·μ´´μ£μ Ê¸±μ·¨É¥²Ö ³¨±·μÉ·μ´ 
Œ’-25 ‹Ÿ	 �ˆŸˆ ¢ É¥Î¥´¨¥ 1Ä4 Î ¢³¥¸É¥ ¸μ ¸É ´¤ ·É´Ò³¨ μ¡· §Í ³¨ Au ¨
Ag. ‚ ± Î¥¸É¢¥ ¸É ´¤ ·É´ÒÌ μ¡· §Íμ¢ ¡Ò²¨ ¢§ÖÉÒ Î¨¸ÉÒ¥ (99,99 %) Ëμ²Ó£¨
Au ¨ Ag ¸ ´ ¢¥¸±μ° 3,2Ä7,2 ³£. ‚ É ¡². 1 ¶·¨¢¥¤¥´Ò Ö¤¥·´Ò¥ ¤ ´´Ò¥ ¤²Ö
´¥±μÉμ·ÒÌ · ¤¨μ´Ê±²¨¤μ¢ Au ¨ Ag, ¨¸¶μ²Ó§Ê¥³ÒÌ ¢ £ ³³ - ±É¨¢ Í¨μ´´μ³
 ´ ²¨§¥ ¶·μ¡¨·´μ£μ ¶² ¢²¥´¨Ö.
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� ¢¥¤¥´´ Ö  ±É¨¢´μ¸ÉÓ ±μ·μ²Ó±  ¨ ¸É ´¤ ·É´Ò¥ Î¨¸ÉÒ¥ (Au ¨ Ag) Ëμ²Ó£¨
¨§³¥·Ö²¨¸Ó ¢ É¥Î¥´¨¥ 10 ³¨´ ´  £ ³³ -¸¶¥±É·μ³¥É·¥ ¸μ ¸¢¥·ÌÎ¨¸ÉÒ³ £¥·³ ´¨-
¥¢Ò³ ¤¥É¥±Éμ·μ³. �´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ¸¶¥±É·μ³¥É·  ¸μ¸É ¢²Ö²μ 2 ±Ô‚
¤²Ö £ ³³ -¶¥·¥Ìμ¤  ¸ Ô´¥·£¨¥° 1332 ±Ô‚ ‘μ-60. ‚ ¨§³¥·¥´¨ÖÌ · ¸¸ÉμÖ´¨¥ (d)
³¥¦¤Ê · ¤¨μ ±É¨¢´Ò³ μ¡· §Íμ³ ¨ ¤¥É¥±Éμ·μ³ ³¥´Ö²μ¸Ó ¢ ¤¨ ¶ §μ´¥ μÉ 2,5
¤μ 12,5 ¸³ ¤²Ö ´ ¡μ·  μ¶É¨³ ²Ó´μ° ¸É É¨¸É¨±¨ ¢ μ¤´¨Ì ¨ É¥Ì ¦¥ § £·Ê§± Ì.
ƒ ³³ -¸¶¥±É· μ¤´μ£μ ¨§ μ¡· §Íμ¢ ±μ·μ²Ó±  ¶μ± § ´ ´  ·¨¸Ê´±¥.

�´¥·£¨Ö ¨ ¶²μÐ ¤¨ ¶¨±μ¢ £ ³³ -²ÊÎ¥° ±μ·μ²Ó±  ¨ ¸É ´¤ ·É´Ò¥ Î¨¸ÉÒ¥
(Au ¨ Ag) Ëμ²Ó£¨ μ¶·¥¤¥²ÖÕÉ¸Ö ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò [6], ±μÉμ· Ö · ¡μÉ ¥É ¢
 ¢Éμ³ É¨Î¥¸±μ³ ¨²¨ ¨´É¥· ±É¨¢´μ³ ·¥¦¨³ Ì (μ¶¥· Éμ· § ¤ ¥É ¶·¨¡²¨§¨É¥²Ó-
´Ò¥ §´ Î¥´¨Ö ¶μ²μ¦¥´¨Ö ³ ±¸¨³Ê³  ²¨´¨° ¨ £· ´¨ÍÒ Ëμ´ ). ’ ±¦¥ ¡Ò²¨
´ °¤¥´Ò §´ Î¥´¨Ö  ±É¨¢´μ¸É¨ · ¤¨μ´Ê±²¨¤μ¢ Au-196, Ag-105 ¨ Ag-106m.
�±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶μ± § ´Ò ¢ É ¡². 2 ¨ 3.

3. �…‡“‹œ’�’› ˆ ��‘“†„…�ˆ…

‘ ¶μ³μÐÓÕ ¶μ²ÊÎ¥´´ÒÌ §´ Î¥´¨°  ±É¨¢´μ¸É¨ · ¤¨μ´Ê±²¨¤μ¢, ±μÉμ·Ò¥
¶μ± § ´Ò ¢ É ¡². 2 ¨ 3, · ¸¸Î¨É ´μ ¸μ¤¥·¦ ´¨¥ §μ²μÉ  ¨ ¸¥·¥¡·  ¢ μ¡· §Í Ì
±μ·μ²Ó±μ¢ ¶·μ¡¨·´μ£μ ¶² ¢²¥´¨Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸É ´¤ ·É´ÒÌ Ëμ²Ó£ Au
¨ Ag. ‚ É ¡². 4 ¤ ´Ò §´ Î¥´¨Ö ¸μ¤¥·¦ ´¨Ö §μ²μÉ  ¨ ¸¥·¥¡· , ´ °¤¥´´Ò¥ ¶μ
£ ³³ - ±É¨¢ Í¨μ´´μ³Ê  ´ ²¨§Ê ¢ μ¡· §Í Ì ±μ·μ²Ó±μ¢ ¶·μ¡¨·´μ£μ ¶² ¢²¥´¨Ö.

’ ¡²¨Í  4. ‘μ¤¥·¦ ´¨¥ Au ¨ Ag ¢ μ¡· §Í Ì ±μ·μ²Ó±μ¢ ¶·μ¡¨·´μ£μ ¶² ¢²¥´¨Ö ³¥¤-
´μ£μ ±μ´Í¥´É· É  ƒ�Š ®	·¤Ô´ÔÉ¯

�²¥³¥´ÉÒ
�±É¨¢´μ¸ÉÓ · ¤¨μ´Ê±²¨¤μ¢, �±

3 ±μ·μ²Ó± ,
8,8 ³£

3 ±μ·μ²Ó± ,
9,4 ³£

3 ±μ·μ²Ó± ,
10,2 ³£

3 ±μ·μ²Ó± ,
9,1 ³£

Ag
7,52 ³£

(50,1 £/É)
6,82 ³£

(45,47 £/É)
8,43 ³£

(56,2 £/É)
8,50 ³£

(56,7 £/É)

Au
3,37 £/±£
(0,2 £/É)

0,936 £/±£
(0,06 £/É)

0,99 £/±£
(0,067 £/É)

1,7 £/±£
(0,1 £/É)

	 ¸Î¥ÉÒ ¶·¥¤¥²  μ¡´ ·Ê¦¥´¨Ö (LD) ¨ ¶·¥¤¥²  μ¶·¥¤¥²¥´¨Ö (LQ) §μ-
²μÉ  ¨ ¸¥·¥¡·  ¢ ¶·μ¡¥ ±μ·μ²Ó±  ¶·μ¨§¢μ¤¨²¨¸Ó ¶μ Ëμ·³Ê² ³, ¶μ²ÊÎ¥´´Ò³
ŠÕ··¨ [7] ¤²Ö ¶μ²Ê¶·μ¢μ¤´¨±μ¢ÒÌ ¤¥É¥±Éμ·μ¢. ‡´ Î¥´¨Ö LD ¨ LQ ¤²Ö §μ²μÉ 
¸μ¸É ¢²Ö²¨ ¢ ±μ·μ²Ó± Ì ¶·μ¡¨·´μ£μ ¶² ¢²¥´¨Ö 13 ¨ 50 ´£/£,   ¤²Ö ¸¥·¥¡·  6 ¨
21 ³±£/£ ¸μμÉ¢¥É¸É¢¥´´μ ¢ ·¥¦¨³¥ ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´É , ¶μ± § ´´μ£μ ´ 
·¨¸. 1. „²Ö μ¶·¥¤¥²¥´¨Ö LD ¨ LQ ¤²Ö §μ²μÉ  ¨ ¸¥·¥¡·  ¢ ±μ·μ²Ó± Ì ¶·μ¡¨·-
´μ£μ ¶² ¢²¥´¨Ö ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¤ ´´Ò¥ £ ³³ -²¨´¨¨ 355,7 ¨ 344,2 ±Ô‚ · ¤¨μ-
´Ê±²¨¤μ¢ Au-196 ¨ Ag-105 ¸μμÉ¢¥É¸É¢¥´´μ. �·¥¤¥² μ¡´ ·Ê¦¥´¨Ö ¨ μ¶·¥¤¥²¥-
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´¨Ö ¤²Ö §μ²μÉ  ¤μ¸É¨£ ¥É ¢ ±μ·μ²Ó± Ì ¶·μ¡¨·´μ£μ ¶² ¢²¥´¨Ö 1,2 ¨ 3,8 ´£/£,  
¤²Ö ¸¥·¥¡·  Å 0,53 ¨ 1,64 ³±£/£ ¸μμÉ¢¥É¸É¢¥´´μ ¢ ·¥¦¨³¥ ¢·¥³¥´¨ ¨§³¥·¥´¨Ö
20 Î ¢ É¥Ì ¦¥ ¶·μ¡ Ì ±μ·μ²Ó±μ¢ ¶·¨³¥·´μ ¶μ¸²¥ 70-Î ¸μ¢μ£μ μÌ² ¦¤¥´¨Ö.

	¥§Ê²ÓÉ ÉÒ ¤ ´´μ£μ Ô±¸¶¥·¨³¥´É  ¶μ± §Ò¢ ÕÉ, ÎÉμ £ ³³ - ±É¨¢ Í¨μ´´Ò°
 ´ ²¨§ ¸ Ê¸¶¥Ìμ³ ³μ¦¥É ¶·¨³¥´ÖÉÓ¸Ö ¤²Ö μ¶·¥¤¥²¥´¨Ö ¸μ¤¥·¦ ´¨Ö §μ²μÉ  ¨
¸¥·¥¡·  ¢ ±μ³¡¨´¨·μ¢ ´´μ° ³¥Éμ¤¨±¥ ¶·μ¡¨·´μ£μ ¶² ¢²¥´¨Ö ¶·μ¤Ê±Éμ¢ μ¡μ-
£ Ð¥´¨Ö ·Ê¤ Í¢¥É´ÒÌ ³¥É ²²μ¢. � °¤¥´μ ¸·¥¤´¥¥ ¸μ¤¥·¦ ´¨¥ ¸¥·¥¡·  52 £/É
¨ §μ²μÉ  0,1 £/É ¤²Ö ³¥¤´μ£μ ±μ´Í¥´É· É  ƒ�Š ®�·¤Ô´ÔÉ¯.
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